. Goals, objectives and outcomes from the SIFT experience for research and education. Research components, measurable outcomes, equipment, reagents, and tools required, and coordination with lecture materials for the year-long SIFT experience engaging undergraduate and graduate students in hands-on mentored research. 
Section

PREREQUISITES AND CONCURRENT COURSES
The SIFT experience is an intensive student-centered research project. Suggested course prerequisites include: (i) Introductory/General Biology, (ii) Genetics and (iii) Molecular Biology.
Concepts applicable to Cell Biology and Immunology are learned throughout the mentored student-driven research project. Therefore, it is suggested that the students take Cell Biology to assist with sections 1-3 of the SIFT and Immunology during sections 4-6. Routinely, the authors identify and recruit students from the Genetics and Molecular Biology courses to participate.
DISTRIBUTION/DIVISION OF WORKLOAD
SIFT is designed to allow each student to gain hands-on experimental training in each of the described sections. Each student should select a candidate gene for engaging in each step of the experimental procedures. It is advisable for students to work together as a team, but that each engage in their studies individually. This includes all aspects of experimentation, trouble shooting, data acquisition, and analysis; each under supervision of an instructor. We recommend instructors to be at the level of professors, lecturers, post-doctoral fellows and/or experienced technicians.
BIOSAFETY LEVEL 1 (BSL1) AND BIOSAFETY LEVEL 2 (BSL2) GUIDELINES
The SIFT experience follows the BSL1 and BSL2 safety guidelines for teaching laboratories as described in the American Society for Microbiology Guidelines for Biosafety in Teaching Laboratories and the Appendix to the Guidelines for Biosafety in Teaching Laboratories (http://www.asm.org/index.php/guidelines/safety-guidelines).
Prior to engagement with laboratory practices, SIFT participants should be made aware of the following key elements (associated with good laboratory practice): (i) personal protective equipment (PPE), (ii) standard operating procedures of the laboratory (SOP), and (iii) documentation of research and training practices. The SIFT experience follows BSL2. The authors recommend BSL1 practices be instilled before delving deeper into BSL2 research activities; demonstration of competency at the BSL1 level may show insight into how well the student can perform under BSL2 conditions. Although not working directly with microorganisms, care must be employed as the individuals will be working with primary cells harvested from tissue. The risk posed to the community is low and unlikely to cause disease in healthy adults as the mouse models, in approved animal research facilities, are disease-free strains maintained in strict barrier facilities overseen by Veterinary Services staff. No mouse should ever be purchased and used that is not in approval of the institutions IACUC guidelines and protocols.
For personal protective equipment, the authors strongly recommend that SIFT participants be required to wear: a) nitrile gloves, b) closed toe shoes, and c) laboratory coats. This should be worn at all times, whether actively or passively engaged in bench work science. It is additionally recommended that the participants wear d) N95 respirator masks and e) safety glasses when working outside the biosafety cabinet. Authors strongly suggest only approved instructors and technicians handle live animals and perform euthanasia practices. Part of personal protection also includes training in handling of personal items, avoidance of touching exposed skin and hair, and disallowed use of drinking and eating in the laboratory research environment.
For standard operating procedures, the authors recommend participants be rigorously introduced and trained in laboratory safe practices. Important topics to be covered, particularly relevant to the SIFT experience, include: a) handling and methods of waste and biohazard disposal, b) proper disinfectant, decontamination and cleaning of benches, tools and cell culture hoods, c) appropriate storage and labeling of containers and (bio)reagents, d) safe practices when working with hot and cold items (i.e. autoclaved items vs. items kept in -80˚C ultra-freezers), e) location and training in use of fire extinguishers, eye wash stations, chemical spill kits, and handling of broken glass etc., f) discussions for engaging in bench work science for immune-compromised and individuals that are/may become pregnant, and g) the importance in communication and collegiality in the work place environment to ensure safety of oneself and others.
For documentation, accurate record keeping and display of safety/information signs are a must. The SIFT experience is best employed by having each participant record daily experiments and training elements. The laboratory notebook should have, at minimum: table of contents, date of experiment, experiment title, goal for that particular experiment, procedure/materials and methods, results, observations and deviations, analyses, and future (or next) studies. In addition, the instructors should maintain student-signed safety agreements, digital and printout copies of laboratory standard operating procedures, and all the experiment protocols. The authors display printout copy of the biosafety guidelines in several locations in the laboratory space. Instructors should also take care to explain and make the materials safety and data sheet openly available. 
EXPERIMENTAL APPROACH
LABORATORY EXPERIMENTS/EXCERCISES:
Students begin by exploring the Immunological Genome Database (immgen; www.immgen.org). This microarray databank was created as a large scale effort to provide a repository of gene expression profiles in immune cells (5, 8, 13, 17, 18) . This allows individuals to explore the gene expression profiles, correlative indices with other gene expression patterns, and assembled regulatory networks in 250 different cell subsets (5).
Information is available in an online open access database. SIFT participants will search through gene expression patterns and use bioinformatics approaches to evaluate functional profiles (1, 5). Each student will use the database to identify a novel gene. Concomitantly, under hands-on mentorship by instructor(s), students then search the literature to evaluate whether their gene has been well studied in the immune cell of interest.
For the purposes of this instructional guide, (murine) bone marrow-derived dendritic cells (DC) are used as the model immune cell for investigations. First, the instructor and students should go to the immgen website; the website is open access. Next, click on the "Data Browsers" link, followed by subsequent clicking on the "Gene Skyline" link. Enter the gene of interest into the section that states "enter value" and execute. Importantly, the search parameters (for the gene) can be variable, which include searching for Probe ID, Gene Symbol, Gene Title, NCBI reference, etc. Once executed, a graphical display will be presented that shows immune cell populations on the y-axis and the relative gene expression on the x-axis. Further discrete searches of immune cell populations can be chosen by selecting the down arrow next to "data group" (at the top left corner). For example, a student that has selected the gene SPINT1 may have identified uniquely high expression in dendritic cell populations, compared to B cells, T cells, etc. Selecting the drop down menu of "data group" allows the student to refine the immune cell populations, thereby expanding the multiple different subtypes within the classical T cells, B cells, Macrophages, etc.
In the case of SPINT1, for example, selecting the "Dendritic Cell" populations as the data group now shows differential expression of the gene within the diverse subpopulation of dendritic cells. This, coupled with combing through the literature will help identify the relevance of the gene in the population desired to be studied.
After evaluating the SPINT1 gene, under the data group "Key Populations", it is important to have the students next use the "Gene Constellation" section. Briefly, this section shows correlated expression patterns of similar genes, where the distance from center of the (candidate) gene represents the tightness of the correlation with other genes. This then allows determination of additional interesting genes that follow similar expression patterns in the immune cells of interest. This can serve as a long-standing platform to map potential regulatory pathways and/or identify linked genes that serve a coordinated role in biological mechanisms.
The aim of these exercises should be to use transcriptomics data and literature reports to identify relatively unknown gene functions that may govern immunological responses. At the end of the exercises, the student should then select a candidate gene for studies. A balance must be striven on the part of the instructor to ensure both: i) the selected gene (by the student) has a commercially available antibody for investigating protein expression (through western blotting and flow cytometry) and ii) the selected cell populations are available (in sufficient cell numbers) to be either isolated in vivo or generated in vitro. The instructor should work closely with the student to teach how gene expression and transcriptomics data can serve to assemble/discern immunoregulatory pathways.
Coordination with lecture materials: During the first weeks of classes, students gain a strong understanding of how genetic material directs life and the central dogma principals (i.e. DNA to RNA to protein). Concepts are strongly reinforced through concomitant exploration using the immgen tool and in identification of their specific gene of interest for SIFT studies.
SECTION 2: LEARNING TO CULTURE DENDRITIC CELLS AND MRNA EXPRESSION OBJECTIVES
-Train students to culture immune cells; including work in BSL2+, aseptic techniques, pipetting methods, and cell culture work -Develop technical skills in RT-PCR; RNA isolation and cDNA generation -Develop technical skills in PCR primer design and gene expression analyses In this first part, students will engage in tissue isolation and cell culturing practices. In the authors' works, we have used dendritic cells (DC), B cells, and T cells in the SIFT experience. T cells and B cells are isolated from lymph nodes and spleen of mice; detailed approach can be found in section 5 and in the Materials and Methods section. For DC, students isolate bone marrowderived cells (BMDC) by flushing harvested tibia and femur bones from wild type mice. Following work by Inaba et al (7), harvested BMDC are cultured with DC medium through a 7-day DC generation process using a cytokine cocktail (described in the referenced work). For maturation, students prepare and add 250 ng/mL of the toll like receptor (TLR)-agonist lipopolysaccharide (LPS) to the DC culture on day 6. Differentiation of DC is observed by morphological changes (as identified by light microscopy) and expression of CD11c+ and MHC class II+ (by flow cytometry). The authors recommend reading a review antigen presentation by DC (6) . After successful in vitro preparation of DC, students next perform RNA isolation approaches to detect their candidate gene expression.
SUGGESTED READINGS
Section 2.2: Primer design and PCR
For reverse transcriptase-PCR, students use the Trizol-RNA isolation procedure (Thermo Fisher Scientific, Waltham, MA) to extract mRNA from cultured DC. Next, reverse-transcription is employed to amplify mRNA into cDNA. The students are then trained to use the NCBI Primer-BLAST web tool (21) , where they design and order custom DNA primers to their target gene(s). Briefly, primer-BLAST is an online software that combines BLAST with an algorithmic tool to maximize primer-target alignment. The student training approach (in PCR primer design) should employ the many variables that go into efficient PCR applications, which include, but not limited to: (i) location of the start-and-end of the amplified regions to determine product size; (ii) denatureanneal-extension parameters and melting temperature (Tm); (iii) primer oligonucleotide size as a measure of annealing strength; and (iv) salt/ionic concentration as a variable for competitive hydrogen bond interactions. Samples are to then be ran on a standard gel electrophoresis device and imaged. Through these experiments, students are richly introduced and acquire skillsets in both design and execution of molecular biological applications to evaluate gene expression. Figure 1 shows student-generated PCR amplification of candidate genes.
Coordination with lecture materials: Major components covered in Cell Biology during this section include: (i) DNA replication; (ii) BLAST search and homologies; and (iii) transcriptional regulation of gene expression (i.e. transcription factors and conserved start sequences). 
SECTION 3: PROTEIN EXPRESSION IN DENDRITIC CELLS OBJECTIVES
LABORATORY EXPERIMENTS/EXCERCISES
In section 3, students prepare protein lysates from their in vitro prepared DC. Day-7 matured DC are collected and lysed using NP40 lysis buffer. Samples are then ran on a vertical SDS-PAGE gel. Next, students perform Coomassie blue stain to confirm protein presence; the authors use GelCode Blue Safe Protein Stain (Thermo Fisher Scientific) following manufacture recommended protocol. An additional good protocol has been published by RJ Simpson (19) , which is a rapid approach often used by the authors. Figure 2 is an example of the students' Coomassie staining to confirm successful generation of protein lysates.
Next, western blot is performed. Students would again run their prepared lysates on a SDS-PAGE gel prior to transfer to a nitrocellulose blot. An excellent published guide and detailed step-by-step method on Western Blotting is available from Mahmood et al (10) . The authors used wet tank transfer systems; semi-dry and dry transfer methods are also a valuable approach (but require additional consumable reagents). After transfer, students would then probe for their candidate gene-encoded protein using specific primary antibodies (followed by secondary antibodies labeled to HRP or fluorochromes). To help identify commercially available antibodies, the authors recommend to use the biocompare website (at www.biocompare.com). Briefly, the website is a source for up-to-date product information and reviews for life science researchers. To utilize, after going to the main website, the authors recommend selecting the "Antibodies" option under browse products. Next, SIFT participants can enter the gene/protein to which they are targeting based on: application, reactivity, host species and/or conjugate. This will then return a search of commercial products that can be purchased for the SIFT studies. The authors used a fluorescence imaging system (Licor Odyssey Fc; Licor Biosciences, Lincoln NE), thereby allowing students to probe for both beta-actin (as an internal control) and their respective candidate gene simultaneously ( Figure 3B) . Importantly, students also used the more traditional secondary antibody conjugated to horseradish peroxidase (HRP) for chemiluminescence detection. The authors elected to expose students to both approaches; in part, as a bit of a history lesson of film development (where light intensity by luminescence exposed to the film generates a band) and as an introduction to fluorescence, emissions, and excitation. Both methods are viable and can provide extensive training opportunities. However, the authors would not recommend chromogenic substrates, as it is difficult to optimize for detecting low levels of protein.
Taken together, principles of immunohistochemistry (IHC) and immunofluorescence (IF) are introduced and reinforced through the section. Students learn about antibody host vs. reactivity, primary vs. secondary (antibody) staining approaches, and immunoreactivity as a universal theme in detection of molecules (i.e. RNA, proteins, chemicals, etc.).
Coordination with lecture materials: Reinforcement of the central dogma and in depth discussions of how protein function is governed by shape are covered through the exercises. Students learn of the different types and properties of proteins, including transmembrane, cytoskeletal, adhesion, transcription factors, enzymes, etc. They begin to understand through both lecture and investigations how the shape of the protein dictates function and how their selected gene may function in immune cells in the context of modulating regulatory pathways. Students engage in RNAi approaches to knockdown their target gene. Before experimental studies, time should be invested in establishing a conceptual framework of gene-specific knockdown/knockout approaches (i.e. CRISPr and siRNA) as a means to evaluate cell biology. An excellent review article on CRISPR is available by Elizondo et al (4) and on siRNA is available by Caplen et al (2) . For example, as the authors prefer the siRNA RNAi method (for both cost, effectiveness, and usability), much emphasis is directed towards teaching about the method of siRNA knockdown and roles of DICER complex; this includes history, strengths, weaknesses, and limitations (i.e. limited to eukaryotic systems that have the DICER complex; many protozoa do not have the DICER complex and may instead require use of anti-sense oligonucleotides)(16).
After establishing this foundation, students are trained to design custom siRNA oligonucleotides (of 21 nucleotides in length) targeting their respective candidate genes using online tools. The authors prefer to use www.sirnawizard.com (InVivoGen; San Diego, CA). However, there are many online tools available to design custom siRNA oligonucleotides, as well as pre-designed siRNA sequences (that have often been thoroughly vetted by the company to assure knockdown efficacy). To generate siRNA oligonucleotides, the students input the mRNA/cDNA sequence of their candidate gene into the online program; students obtain the gene from NCBI GenBank, which is the NIH genetic sequence database. Additional parameters include: species (i.e. mouse or human), length (i.e. 19 or 21 nucleotides) and G-C ratio content (i.e. 40-60%). More advanced parameters/variables are also available, but the authors have generally found that criteria to not be as influential in determining target specificity or knockdown efficiency. After successful design, the siRNA oligonucleotides are purchased from a commercial company (i.e. InVivoGen or Thermo Fisher). However, the company of choice is largely due to pricing agreements and vendor preference. Routinely, the authors purchase both the student designed custom siRNA oligonucleotide and a pre-design siRNA oligonucleotide for direct comparison. In both cases, the siRNA sequences are known; the authors stress the importance of purchasing only pre-designed siRNA to which the sequences are available. Scrambled siRNA are also designed and purchased for controls. Importantly, these scrambled siRNA oligonucleotides, which have no intended target(s), are used for internal negative controls. It is also recommended to maintain the exact frequency of A, T, G and C nucleotides as the gene targeting siRNA oligonucleotides.
Section 4.2: siRNA knockdown of candidate genes in DC and confirmation by western blot
In this section, students engage in experimental studies to knockdown their target genes in vitro and assess efficiency. Prior to, it is recommended that the students read the published report by Song et al on genetic modification of DC by RNAi methods (20) . Percentage of knockdown is determined through western blot and flow cytometric analysis. Although several methods are available, the authors use electroporation of siRNA (into the cells) as the preferred knockdown strategy; the choice is largely cost based, as transfection efficiency was comparable using the lipofectamine techniques (in the hands of the authors). Figure 3A illustrates steps performed by the students for successful knockdown in DC; in any elected immune cell, knockdown (by introduction of siRNA) is suggested two days before protein analysis and functional studies. Reports have shown that the average half-life for a given protein is between 24-48 hours (i.e. natural decline of protein content). 48 hours after transfection of siRNA into the DC, students evaluate knockdown efficiency by western blot ( Figure  3B and 3C) . The authors wish to point out that this section requires significant time investment to optimize knockdown efficiency (per different siRNA oligonucleotide). Concentration of siRNA, number of cells and volume, and electroporation parameters are all variables that need to be optimized in the system to maximize transfection efficiency. In the authors' hands, it took the students about five attempts to find the best conditions for knockdown.
Coordination with lecture material: Lectures will cover the general overview of the immune system and strongly introduce innate immunity; key concepts covered include pro-vs. antiinflammatory responses; lymphatic vasculature; and gene-encoded methods of recognizing foreign/pathogens (i.e. pathogen associated molecular patterns). 
LABORATORY EXPERIMENTS/EXCERCISES:
Students evaluate the phenotypic changes of their siRNA knockdown-DC. Two methods are employed. First, students engage in flow cytometric analysis for changes in expression of antigen presentation surface markers (i.e. MHC class and co-stimulatory molecules). The breadth to which immunophenotyping can occur is vast. In addition to antigen presentation capacity, the students can evaluate changes in survival, migration, and/or phagocytic uptake, among others. The choice is largely dependent on anticipated role(s) of the candidate gene. For example, if the candidate gene encodes a membrane-bound receptor on the surface of DC, it may play a role in co-stimulation or -inhibition of T cell responses. Alternatively, if the gene-encoded product is involved in cytoskeletal activities, it may serve a role in phagocytosis.
Gene-specific knockdown vs. control-treated DC are matured with the TLR-agonist LPS on day 6 for 24 hours or left in an immature state. These day 7-DC are then stained for surface marker expression to MHC class I and II, as well as classical co-stimulatory molecules (i.e. CD80 (B7.1), CD86 (B7.2)), using fluorochrome-tagged antibodies. Cells are then analyzed using a flow cytometer to evaluate phenotypic properties on a single cell level. Concomitantly, supernatant from the in vitro culture is collected and assessed for changes in soluble-secreted molecules (i.e. cytokines) using ELISA; alternatively, the authors use multiplex analyses. Either as a singleplex (ELISA) or multiplex (Luminex) platform, students assess changes in pro-vs. anti-inflammatory cytokines (i.e. IL-12p70, IL-6, IL1 β, etc.). Figure 4 shows an example of a studentdriven experiment investigating altered receptor expression in SPINT1 knockdown vs. control-treated DC. The key learning component at this stage is the use of flow cytometric analysis and ELISA as key readout indices in immunobiology.
Coordination with lecture materials: Lectures covering cell-cell communication, intracellular signaling pathways, extracellular matrix and integrins, and intracellular transport are studied and heavily integrated into the section. These reinforce the (potential) altered functional profiles of cells knocked down by RNAi strategies. Lectures and coursework serve as a valuable supplement as they engage in characterizing DC phenotype. (14); the responder subsets are specific for the OVA323-339 antigen peptides. In working with an antigen-specific model, students are able to reinforce concepts of MHC class molecule presentation of peptides to engage the T cell receptor and CD4 co-receptor (3). Briefly, day-7 siRNA knockdown vs. control-treated mature DC are pulsed with OVA peptide prior to culturing with CD4+ T cells. Students learn to isolate lymph nodes and spleen. The authors recommend negative selection techniques to deplete all MHC class II+ and CD8+ cell subsets; an excellent guide is available by Matheu et al (12) . The remaining subsets are predominately CD4+ T cells. Confirmation of purification can be performed by flow cytometry; purity should be greater than 90%.
Next, the CD4+ T cells are to be cultured with day-7 knockdown vs. control-treated mature DC at an approximate ratio of 1:10 to 1:20 in the presence of 2 ng/mL of OVA323-339 peptide; this is referred to as DC-T cell culture or T cell priming studies. Figure 5A shows a SIFT student's DC-T cell co-culture, where CD11c+ dendritic cells are approximately 15.9% and the CD4+ T cells are 85.5%. Importantly, daily/weekly coordination is a priority, as T cells will need to be isolated from the spleens and lymph nodes on the day of culture with the siRNA knockdown-DC.
There are two major readout indices of T cells at this juncture: (i) early activation and (ii) proliferation. To measure early activation, the DC and T cells are cultured for 18-24 hours. Cells are then collected and stained using fluorochrome-tagged antibodies targeting CD69 and/or CD25. These molecules are early surface-bound markers used as identification of activated T cells (22) . The authors routinely use CD4-FITC with either CD25-PE or CD69-PE for a two-color panel analysis. Lack of expression on T cells would suggest impaired/restrained antigen presentation by the DC. Figure 5B shows an example of CD4 vs. CD69 in control-treated (siNeg) and day 7-knockdown (siSPINT1); thereby, in this student's studies, no phenotype was observed in impaired CD69 expression.
For proliferation assays, the cells are pre-labeled with CFSE, which serves as a cell tracker dye. The authors recommend reading the published protocol by Lyons et al on analysis of CFSE labeled cells by flow cytometric analyses (11). Next, DC are then used to prime the pre-labeled T cells in presence of OVA for 3-5 days in culture. During cellular division, the CFSE is then diluted by half each round. Thereby, the division rate/amount is measured by decrease in fluorescence intensity (i.e. from brightest (right) to more dim (left)) along the x-axis. Figure 5C is a sample of a SIFT student's generated dataset evaluating siNeg vs. siSPINT1 DC. The unstimulated controls are CFSE pre-labeled T cells without addition of any DC; there is no stimulation to induce activation and proliferation. The authors recommend instructors to always include negative control groups, which are T cells without addition of DC in the presence of OVA peptide. In addition to flow cytometry, supernatant can be collected at both the 24 and 72 hour time points and assayed by ELISA for IL-2 and/or IFNγ. The principal aim is to investigate altered T cell responses as a measure of gene-specific knockdown. Students learn first-hand antigen presentation in the context (or absence) of antigen-specific peptides, cognate T cell activation and proliferation responses.
Coordination with lecture material: Students engage in didactic lectures covering MHC molecules and diversity, T cell-mediated immunity, and antibody-mediated immunity. These reinforce the concepts of antigen-specific T cell responses in the context of MHC class antigen (peptide) presentation by dendritic cells.
Section 6.2: CD4+ T cell polarization Assessment through ELISA
A major hallmark to understanding adaptive immunity is the multiple T helper fates that can be induced to coordinately defend against pathogens. The authors advise instructors to spend time discussing the dynamics of cell-mediated vs. humoral-mediated immune responses, as well as the emerging roles of T regulatory cells and T helper 17 populations. A review article on T cell plasticity by Caza et al is suggested (3) . During this section, students evaluate altered skewing by measuring expression profiles of master transcription factors (TF; i.e. T-bet, Foxp3, GATA-3, etc.), cytokine profiles (i.e. IFNγ, IL-4, IL-17, etc.), and co-stimulatory/chemokine receptor expression (i.e. CD28, CTLA-4, CXCR3, CCR5, CCR4, etc). Experimentally, students use their day-7 knockdown vs. control-treated mature DC to prime naïve CD4+ T cells for 12 days, with restimulation on day 7. The T cells are then evaluated by flow cytometric analyses and ELISA assays for changes in expression profiles. The breadth of markers to assess is wide; the authors recommend assessing IFNγ, IL-4 and IL-17 cytokines and CD25 v. FOXP3. Figure 6 is an example of a student's work assessing T helper polarization states. Success of these studies will develop the students' command for naïve vs. effector T cell states, antigen-specificity, proliferation and autocrine/paracrine signaling activities (by cytokines). 
DETAILED METHODS AND MATERIALS SUGGESTED BY THE AUTHORS
Animal Handling
Animal husbandry and sacrifice is carried out by animal technicians and the instructors. The students will then dissect the scarified animals and isolate lymph nodes, spleen and long bones to harvest primary cells.
Dendritic cells and T cells; Antigen-specific priming
Dendritic cells were generated from bone marrow-derived cells (BMDC) isolated from tibias and femurs of WT mice. Briefly, BMDC were cultured with IMDM (Gibco; Thermo Fisher Scientific, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS; Gibco), 2 mM L-glutamine (Gibco), 100 U/ml penicillin/streptomycin (Gibco), and 150 U/ml GM-CSF. Medium was replenished on day 3 of the culture. On day 6, cells were stimulated with 250 ng/ml of LPS for an additional 24 hours (h) to induce maturation. On day 7, mature DC were evaluated for phenotype (i.e. cytokine production profile, expression of membrane-bound receptors, etc.) or used to prime naïve antigen-specific CD4+ OT-II T cells harvested from ovalbumin-transgenic for MHC class II (OT-II) mice. CD4+ T cells were isolated using negative selection methods (i.e. depletion of CD8+ and MHC class II+ subsets through use of magnetic microbeads; DynaMag; Thermo Fisher Scientific). For co-culture studies, briefly, DC were pulsed with OVA 323-339 peptides (AnaSpec; Fremont, CA) for 5 h. Next, after extensive washing of unbound peptides, CD4+ T cells were added to the DC to initiate antigen-specific priming. For CFSE dilution assays, naïve CD4+ T cells were pre-labeled with 5 µM of CFSE (Thermo Fisher Scientific) in PBS at 37˚C for 10 minutes. Cells were then washed thoroughly prior to plating with the OVA323-339 peptide-pulsed DC. After 3-4 days, cells were assessed by flow cytometric analysis for rounds of cell division.
Antibodies and recombinant proteins
For flow cytometric analysis, fluorochrome-labeled antibodies to MHC class I (H2D b ), MHC class II (I-A/E), CD40, CD54, CD80 (B7.1), CD83, and CD86 (B7.2) were used to evaluate surface expression of maturation markers on DC; all antibodies purchased from Biolegend (San Diego, CA). Isotype Abs were used to detect non-specific background staining. These controls were specific to the reactivity and host species of target antibodies (Thermo Fisher Scientific; Grand Island, NY). For the specific gene of target, antibodies were purchased from the company, along with recombinant protein to serve as internal controls. SPINT1 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and Origene (Rockville, MD). Unconjugated antibodies to GAPDH (clone: poly6314; BioLegend) were used as internal loading controls. Secondary antibodies conjugated to Alexa Fluor Dyes (680 and 790) were used for secondaryfluorescence staining (to primary antibodies) and evaluation.
RNA Interference/siRNA oligonucleotides and knockdown Briefly, 2x10 6 DC on day 5 of the maturation process were transfected with 1 nanomoles (nmol; ~13 μg) of respective siRNA. 21-bp oligonucleotides were used in the studies, with the sequences designed by students using InvivoGen's siRNA Wizard v3.1. The website application was used to develop both siRNA specific sequences and scrambled siRNA controls (siNeg). Designed sequences were purchased from Thermo Fisher Scientific (Grand Island, NY); Silencer Select 20 nmol with standard purification. siRNA oligonucleotides were added with DC in 4 mm electroporation cuvettes prior to pulsing using a square wave electroporator (500V, 0.25ms, 1 pulse, 2.5kV/cm field strength; ECM 830 (BTX; Holliston MA)). Cells were next re-plated into fresh DC medium to continue the differentiation processes. Knockdown efficiency was measured by western blot.
RNA Isolation, RT-PCR, and gene-specific PCR
Trizol (Thermo Fisher Scientific) was used to isolate RNA from cells; mRNA was extracted according to manufacturer's recommended protocol. For cDNA synthesis, MuLV reverse transcriptase and random hexamers were used. Next, gene-specific primers (20-22 nucleotides in length; ordered from Thermo Fisher Scientific) designed (by the student) using Primer-BLAST (NCBI) were used to amplify target genes. Primers to β-actin were used for internal loading controls. PCR amplification with the T100 thermocycler (Bio-Rad) was used given the following parameters: 95˚C for 5 minutes (initial denaturation), followed by 30 cycles of 95˚C denature at 15 seconds, 58±5˚C (optimized for matching T m using gradient steps) annealing at 30 seconds, and 68˚C extension at 1 minute. Amplified products were then loaded and ran on FlashGel cassettes (Lonza; Basel, Switzerland) for real time separation and photo-documentation.
Coomassie Blue Staining and Western Blot
Cell lysates were prepared by incubating NP-40 cell lysis buffer (Amresco; Solon, OH) with cells for 30 minutes prior to high speed centrifugation. Lysates were collected and ran on vertical gel electrophoresis devices in 10% hand-casted gels. For Coomassie Blue staining, the gel was prefixed in 50% methanol (Amresco), 10% acetic acid (Amresco), and 40% water for 2 hours prior to staining with 0.25% Coomassie Blue R-250 for 4 h. The gels were destained for 24 hours in 5% methanol, 7.5% acetic acid, and 87.5% water. For western blot, protein content was transferred from gels to nitrocellulose blots using the PowerBlotter (Thermo Fisher Scientific; Grand Island, NY). GAPDH served as an internal loading controls. After primary antibody staining, secondary antibodies-conjugated to fluorochromes were used for visualization on the Licor Odyssey Fc (Lincoln, NB) imaging system. Dual color measurements were applied using the Image Studio 4.0 software (Licor; Lincoln, NB) to calculate relative fluorescent intensities.
Flow Cytometry
Cells were labeled in the presence of PBS supplemented with 2.5% fetal bovine serum and EDTA (i.e. FACS buffer). For extracellular staining, cells were labeled with respective antibodies for 15 minutes at 4˚C. For intracellular staining, cells were first fixed in 3% paraformaldehyde prior to permeabilization with 0.2% saponin in PBS. Cells were then stained with respective antibodies for 1-2 h at 4˚C. Primary conjugated and unconjugated antibodies were used at a 1:100 concentration, with secondary fluorochrome-labeled antibodies used at 1:2000 concentration. Cells were then acquired and analyzed using Accuri C6 (BD Biosciences) flow cytometric analyzer and accompanying software. Values in quadrants, gated areas, and/or interval gates indicate percentages in each population.
Enzyme Linked Immunosorbant Assay
After specific time points of DC or DC-T cell incubation periods, cells were spun down and supernatant collected. Supernatant was stored at -80˚C until use. Briefly, IL-12p70 (BD Biosciences; San Diego, CA), IL-6 (BD Biosciences) and TNFα (BioLegend; all following) were used to measure expression of respective cytokines. Absorbance values were collected and quantified using the Synergy HT (BioTek; Winnoski, VT) multimode microplate reader.
